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. In contrast, a population-based study of patients with synchronous liver-limited metastases in Sweden did not find either income or education to be independently associated with liver resection 27 . No previous study has examined socioeconomic status as an independent predictor of mortality in this cohort. In this paper we describe the association between socioeconomic deprivation and the rate of liver resection and survival in patients with synchronous CRC liver metastases. We also investigate if any survival inequalities related to deprivation within this cohort are explained by differences in rates of liver resection.
Methods

Study population
Data from patients included in the National Bowel Cancer Audit (NBOCA) 28 were linked to Hospital
Episode Statistics (HES) data. NBOCA data is prospectively collected and submission of patient data for those with a new diagnosis of CRC is mandatory for NHS trusts in England. In this study we included all patients recorded in the NBOCA dataset with a diagnosis of primary CRC from 1 st January 2011 to 31 st December 2015 with synchronous liver-limited metastases.
Study variables
Diagnostic information is captured in HES according to . Synchronous liver metastases and extra-hepatic metastases were defined as an ICD-10 code for secondary cancer within the liver (C787) or secondary cancer elsewhere (C780-784, C786, C790-96) recorded up to one year before and 30-days after diagnosis of CRC. A year before CRC diagnosis was chosen to include patients who are found to have metastases before determining the site of the primary CRC.
Admission type (elective or emergency) was obtained from the linked HES records. The Royal
College of Surgeons Charlson co-morbidity score 30 was used to identify co-morbid conditions in the HES records in the preceding year. 
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6 (J027), partial excision of liver (J028/9), excision of lesion of liver (J031) and extirpation of lesion of liver (J038/9).
Study endpoints
The primary endpoints were receipt of liver resection within one year of date of CRC diagnosis and three-year all cause survival from date of CRC diagnosis. These two outcomes as well as demographic and tumour characteristics were compared between IMD quintiles to highlight any differences between groups of decreasing deprivation.
Statistical analysis
The statistical significance of differences in patient characteristics according to IMD quintile were assessed using the χ 2 test. was used for all analyses. per cent, p<0.001).
Results
Study population
With adjustment for differences in patient and institutional characteristics, patients in the least deprived quintile remained more likely to undergo liver resection than patients in the most deprived quintile, with a trend of increasing chance of liver resection with decreased quintile of deprivation (least deprived vs. most deprived IMD quintile OR 1.42, 95 per cent confidence interval (C.I.) 1.18 to 1.70) ( Table 2 ).
Survival
Median follow up was 45 months. There was a significant difference in all-patient survival, regardless of whether of liver resection was undertaken, according to IMD quintile. Three-year survival for patients in the most deprived quintile was 17.4 per cent compared to 22.3 per cent for patients in the least deprived quintile (p<0.001) ( Table 3 ). There remained significant difference when risk adjusted When survival analysis was restricted to patients undergoing a liver resection, there was no significant difference in unadjusted (Table 3) or adjusted (Table 4 ) survival according to IMD quintile. In patients not undergoing liver resection, patients in the least deprived group had better 3-year survival then those in the most deprived group (7.3 per cent vs. 9.3 per cent; P<0.001). This difference remained after adjusting for differences in patient characteristics.
Discussion
Principal findings
Reducing health inequities in England has been a longstanding priority of the government with more than £20 billion spent between 1997 and 2007 on a dedicated strategy to target this 34 . Moving forwards, the Cancer Research Taskforce for England which is working to develop a cancer survival improvement strategy on behalf of NHS England, has recommended that the tackling of socioeconomic variation is a top priority over the next five years 35 . The relationship between cancer and socioeconomic status has been studied extensively, and it has been found that social factors strongly influence treatment and survival 5, [7] [8] [9] [10] [11] . In this study we demonstrate socioeconomic deprivation to be associated with lower rates of liver resection and poorer 3-year survival amongst CRC patients with synchronous liver-limited metastases. This was irrespective of differences in demographic, tumour related and institutional factors. Socioeconomic deprivation was no longer associated with poorer outcomes when only patients undergoing liver resection were considered.
Interpretation of results and comparison with other studies
The findings in this study show that socioeconomic differences in survival in patients with CRC liver metastases can be explained in part by inequalities in treatment. These findings, which mirror those reported in non-metastatic CRC 36 , ovarian cancer 37 and lung cancer 38 suggest equal treatment yields equal outcomes, regardless of deprivation. For patients who did not undergo liver resection,
socioeconomic deprivation continued to be associated with poorer survival after controlling for differences in patient and tumour characteristics. For this palliative cohort survival outcomes may relate to use of chemotherapy 7, [19] [20] [21] , or enrolment in clinical trials 39 , both reportedly lower in more deprived patients. Data regarding these variables were not available and therefore not included in the multivariable model.
There are a number of obstacles to overcome for a patient with CRC liver metastases to undergo a liver resection. In patients undergoing the traditional bowel-first approach for resection of liver metastases, they must survive the resection of their primary tumour, they must recover sufficiently from this operation to potentially undergo further surgery, they must be referred to a hepatobiliary multidisciplinary team (MDT) for consideration of surgical resection and finally their metastases must be deemed operable. A patient's socioeconomic status may influence how they negotiate this complex pathway. Within a publicly-funded health system it is an uncomfortable notion that socioeconomic status can influence treatment, and thus survival, for patients with CRC liver metastases. There are several mechanisms by way of which a patient's socioeconomic status may influence rates of liver resection, including uptake of bowel cancer screening, stage of disease at presentation, presence of comorbidities, access to local services, clinical decision making and health-seeking behaviour.
Although clinical and pathological characteristics in CRC patients are associated with both socioeconomic status and likelihood of liver resection, controlling for such differences did not account for the differences in liver resection rates. The presence of comorbidity, more prevalent in patients in lower socioeconomic groups in this study cohort, can impact upon a patient's fitness for liver resection. After adjusting for differences however in Charlson comorbidity score, the association between less deprivation and increased likelihood of liver resection remained. Patients with higher levels of deprivation are also more likely to suffer post-operative complications and mortality related to primary CRC resection that render them unfit for liver resection 11 . However, when patients who died within 90 days of major CRC resection were excluded in a sensitivity analysis, the difference in rates of liver resection remained. More advanced disease stage at diagnosis is often cited as a main M A N U S C R I P T
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10 cause of inequality in cancer related treatment and outcomes according to social status 40 . However this was not a factor in this study cohort, where there was no statistically significant difference in stage according to level of deprivation.
Differences in liver resection rates according to socioeconomic status in this cohort may also relate to access to specialist care. This is particularly pertinent when considering services, such as hepatobiliary surgery, that exist in a centralised system. Several studies have now demonstrated that the presence of specialist hepatobiliary services on-site at the hospital trust of treatment increases liver resection rates amongst patients with CRC liver metastases 27, 41 . Deprived patients were more commonly diagnosed at a hospital trust with no hepatobiliary services on site. Ability to travel for healthcare may be lower amongst more deprived patients and therefore the necessity to travel to access hepatobiliary services may preferentially disadvantage those of a lower socioeconomic status 42 . However controlling for the on-site presence of specialist services in the study cohort did not reduce the effect of deprivation on likelihood of liver resection. In addition, there was no evidence of a different effect of deprivation in hospital trusts with and without on-site specialist services (results not shown), suggesting this is not the explanation for the finding.
A patient's socioeconomic status may also modify the behaviour of the treating clinicians and cause inequalities in access to specialist care. There is an element of discretion by clinician practitioners in many stages of the patient pathway prior to surgery for CRC liver metastases. Although few surgeons would admit to altering their management of patients due to deprivation, clinicians may consider more deprived patients to have a lack of social support 43 , or be less able to travel to specialist services 42 and therefore be less likely to refer these patients to a hepatobiliary MDT for consideration of liver resection. Finally, factors relating to a patient's health seeking behaviour may partly explain differences in rates of liver resection. Low health literacy is associated with both poorer health outcomes and use of health care services 44 . As a result, more deprived patients may be less likely to themselves seek referral to a hepatobiliary unit than more affluent patients 26 . 
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Implications for policy
Inequalities in receipt of liver resection amongst patients with CRC liver metastases appear to account in part for differences in patient survival. Future focus should therefore be on ensuring that more deprived patients have access to liver resection. The National Institute of Health and Clinical
Excellence recommends for the management of metastatic CRC that if the secondary tumour is considered 'resectable' the patient should be considered for surgery 45 . However, clinical guidelines for colorectal MDTs are often unclear about what should be considered 'resectable' disease, leaving referral practices to local policy and a clinician's own judgement. Inequalities in tertiary referral related to deprivation, are reportedly more likely to occur in the absence of explicit clinical guidance 46 , suggesting that the development of clearer referral guidelines for colorectal MDTs would help to reduce these differences.
Strengths and Weaknesses
This study benefits from the use of a national clinical audit, with mandatory data submission. NBOCA This study only includes patients undergoing liver resection in a NHS hospital. The inclusion of private patients, the majority of whom will be in the most affluent quintile, would likely make the liver resection rate, and therefore the survival differences between IMD quintiles, more pronounced.
More details regarding the structure of hepatobiliary services in England may further explain the disparity observed. Liver resection rates amongst more deprived patients may be higher at sites which do not have hepatobiliary surgical services on-site but do conduct hepatobiliary outreach clinics, therefore reducing the travel burden for patients.
Conclusions
This study has demonstrated that more deprived CRC patients with synchronous liver metastases have worse survival than more affluent patients in England. Lower rates of liver resection in poorer CRC patients is likely to be a major contributory factor. As both the patient and tumour characteristics and institutional variables included in the multivariable model in this study did not account for the differences in liver resection rates according to socioeconomic status, this suggests that is it is differences in the availability of services or in decision making by socioeconomic status that account for the differences observed. Targeted efforts should be made by healthcare providers to ensure equitable access to specialist care for this cohort. We wish to confirm that there are no known conflicts of interest associated with this publication and there has been no significant financial support for this work that could have influenced its outcome.
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